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ABSTRACT
We have identified a new vibrational HCN maser at 89.087 GHz in the asymptotic
giant branch (AGB) star IRAS 15082−4808, a maser which is thought to trace the
innermost region of an AGB envelope. The observations of this maser at three epochs
are presented: two positive detections and one null detection. The line profile has
varied between the positive detections, as has the intensity of the maser. The major
component of the maser is found to be offset by −2.0 ± 0.9 km/s with respect to
the systemic velocity of the envelope, as derived from the 88.631 GHz transition of
HCN. Similar blueshifts are measured in the other 9 sources where this maser has
been detected. Maser variability with pulsation phase has been investigated for the
first time using the 10 stars now available. Comparisons with AGB model atmospheres
constrain the position of the formation region of the maser to the region between the
pulsation shocks and the onset of dust acceleration, between 2 and 4 stellar radii.
Key words: masers – stars: AGB and post-AGB – line: identification – stars: indi-
vidual: IRAS 15082−4808 – stars: variables: general – stars: carbon
1 INTRODUCTION
Masers are found in a wide variety of astrophysical environ-
ments, both Galactic and extra-Galactic, and are a unique
tool in the investigation of the dynamics, composition and
structures found within these regions. OH and H2O masers,
for example, are found in active galactic nuclei (AGN) and
luminous infra-red galaxies tracing accretion disks, radio jets
and winds of an AGN (e.g. Lo 2005 and references therein).
Within star formation regions, they can be used to probe
outflows and disks as well as shocked regions of gas (Caswell
et al. 1995; Fish 2007).
Masers can also be used to study the circumstellar en-
velopes of evolved stars and planetary nebulae, with the
chemistry and composition of the source dictating the ob-
servable species of maser. For instance, there are three
types of maser often found in the circumstellar envelopes of
oxygen-rich asymptotic giant branch (AGB) stars, namely
SiO, H2O and OH molecular transitions. In contrast, only
one species of maser is commonly found in carbon-rich AGB
stars. CO has been found to mase rarely, despite its high
abundance in circumstellar envelopes. HCN, on the other
hand, has been observed to mase in many different transi-
tions (Guilloteau et al. 1987; Schilke & Menten 2003; Shin-
naga et al. 2009).
These masers allow us to probe very specific regions of
the circumstellar envelopes of the AGB stars in which they
reside. SiO masers trace regions close to the star that are
under the influence of stellar pulsational shocks and mag-
netic fields (Assaf et al. 2013; Pe´rez-Sa´nchez & Vlemmings
2013), whereas H2O masers are found outside the dust for-
mation zone and OH masers are found further still from the
host star (Cotton et al. 2008). The 89.087 GHz HCN maser
is thought to be formed in a small region close to the inner
boundary of the circumstellar envelope of the host star, sim-
ilar to the SiO masing region, due to the J=1-0 F=2-1 v=2
level lying 2050 K above the ground state and the maser
spectral profiles’ blue-shifted nature (Goldsmith et al. 1988;
Pe´rez-Sa´nchez & Vlemmings 2013). The HCN (J=1-0 F=2-
1 v=2) 89.087 GHz maser therefore traces the region of the
envelope which is currently undergoing acceleration. Having
such a tracer is a useful tool in assisting in the understanding
of envelope dynamics and wind acceleration.
To date, nine HCN 89.087 GHz masers have been de-
tected in carbon-rich AGB stars (Lucas et al. 1986; Guil-
loteau et al. 1987; Lucas et al. 1988; Lucas & Cernicharo
1989). A number of these have been shown to vary on month
time-scales, with some masers being completely undetected
in subsequent observations and others having a change in
line profile or intensity (Lucas et al. 1988).
In this paper, we present a new detection of the 89.087
GHz HCN maser in IRAS 15082−4808, along with an investi-
gation of variation of maser intensity with stellar pulsational
period.
IRAS 15082−4808, also known as AFGL 4211, is a mass
losing, carbon-rich AGB star. This source has been part of a
number of line surveys (e.g. Nyman & Olofsson 1995; Woods
et al. 2003). Its mass loss rate has been derived from mod-
els to be approximately 1 × 10−5 M (Groenewegen et al.
2002). The distance to this source is not well constrained,
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but the adopted values vary between 640pc and 1500pc,
although the general consensus is between 640 and 850pc
(Woods et al. 2003; Nyman & Olofsson 1995).
2 OBSERVATIONS
2.1 Mopra 2010
The observations of IRAS 15082−4808 were taken using the
22m ATNF Mopra telescope, 450km from Sydney, Australia,
between the 18th June 2010 and the 27th June 2010 as part
of a larger program.
The 3mm MMIC receiver (Monolithic Microwave Inte-
grated Circuit) coupled with MOPS (the Mopra Spectrom-
eter) in broadband mode were used, and covered the fre-
quency range 84.5 to 92.5 GHz over four 2.2 GHz interme-
diate frequency bands (IFs). The IF of interest covered the
range 88.5-90.5 GHz, putting this maser, at 89.087 GHz,
more than 500 MHz from the edge of the band. The beam
size at 90 GHz is 38” and the antenna efficiency is ∼ 0.5.
The sensitivity of Mopra at 86 GHz is 22 Jy/K1.
The observations were reduced using the ATNF Spec-
tral Analysis Package (ASAP). Observations that were badly
affected by poor weather were identified and subsequently
removed. The remaining sets of observations were averaged
(weighted by the system temperature) and a polynomial
baseline was fitted. The total integration time was 3 hours
and the velocity resolution was 0.91 km/s. The rms noise
of the resulting spectrum is 0.015 K in units of corrected
antenna temperature and the Tsys is 189 K. The spectra
were inspected and lines identified using the Splatalogue and
NIST databases (Lovas 1992; Markwick-Kemper et al. 2006).
2.2 Literature and archive data
Following the identification, the literature and archives were
searched for further sets of observations of IRAS 15082−4808
in the required frequency range and two observations were
found. The first were observations taken in August 1993 as
part of the molecular line survey by Woods et al. (2003)
using the Swedish-ESO Submillimeter Telescope (SEST,
Booth et al. 1989) with rms noise level 0.014 K (main beam
temperature units) and spectral resolution of 2.4 km/s. The
sensitivity of SEST at 86 GHz is 25 Jy/K2. The second are
publicly available data from the Mopra archive and were
observed in June 2011. The reduction of the SEST data is
described in Woods et al. (2003). The Mopra archive data
was unpublished at the time of investigation, so the raw
data files were taken from the Australian Telescope Online
Archive and reduced in an identical manner to the Mopra
2010 data. The total integration time was 2.4 hours. The rms
noise of the Mopra 2011 spectrum is 0.006 K in units of cor-
rected antenna temperature, Tsys is 157 K and the velocity
resolution is 0.91 km/s.
The maser was detected in the observations from 2011
and 2010 but was not detected in 1993. All resulting spectra
1 Technical summary of the Mopra radiotelescope (2005),
www.narrabri.atnf.csiro.au/mopra/mopragu.pdf
2 SEST parameters (1990), www.apex-telescope.org/sest
/html/telescope-instruments/telescope/index.html
Figure 1. HCN 89.087 GHz maser observations at three epochs.
Velocity denotes the offset from LSR velocity in the frequency
frame of the HCN maser. The upper spectrum shows the obser-
vation made in 2010 with Mopra, the middle spectrum shows the
observation made in 2011 with Mopra and the lower spectrum
shows the observation made in 1993 using SEST and is in units
of main beam temperature. The Mopra observations are in units
of corrected antenna temperature and the efficiency of Mopra at
this frequency is ∼0.5. The sensitivities of Mopra and SEST at
86 GHz are 22 Jy/K1 and 25 Jy/K2 respectively.
are shown offset in Fig. 1. The line profile has varied sig-
nificantly over the course of a single year, as is common for
masers, going from an intense peak with a secondary com-
ponent in 2010 to a significantly less intense peak with only
a single detected component. Lucas et al. (1988) discuss the
variability of this maser transition and indicate that it could
be related to the pulsational period of the star as is the case
with SiO masers (Alcolea et al. 1999).
3 ANALYSIS
3.1 Velocity
The maser in IRAS 15082−4808 is non-gaussian in profile,
with the Mopra 2010 observation having two distinct compo-
nents. The HCN J=1-0 v=2 line is split into three hyperfine
components: F=1-1 at 89.086 GHz, F=2-1 at 89.087 GHz
and F=0-1 at 89.090 GHz. In order to identify whether the
two components of the maser line are due to kinematic ef-
fects or multiple hyperfine components being observed, the
velocities of the two peaks were compared with the theo-
retical separation of the hyperfine components of the J=1-0
v=2 transition. The velocities of the two observed compo-
nents in the profile are taken at their respective peak values
without fitting due to the line being unresolved. The major
component and minor components are separated by 2.7±1.2
km/s which is significantly smaller than the separation be-
tween the hyperfine components of the HCN J=1-0 v=2 line
which lie at separations of 5.02 km/s (between F=1-1 and
F=2-1) and 7.46 km/s (between F=2-1 and F=0-1). There-
fore, the double-peaked line profile is unlikely to be caused
by a second masing hyperfine component, and it is more
likely that it is caused by intrinsic motion of the masing
molecules within the circumstellar envelope.
The HCN 89.087 GHz maser has been observed in nine
c© 2014 RAS, MNRAS 000, 1–??
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Table 1. Known HCN 89.087 GHz maser sources with CO expansion velocities from Groenewegen et al. (2002) and maser velocity
parameters taken from Lucas et al. (1988) and Guilloteau et al. (1987). Mass-loss rates are taken from the reference listed in column 7.
Velocity offset is defined as the difference between the velocity of the maser and the velocity of the shell with a negative value indicating
a blue-shifted maser. In cases where the maser has multiple components, the velocity of the major component has been used. The number
of detections is the number of observations of the maser, excluding null detections. The period of pulsation is that derived from fitting
the photometric data, as described in Section 3.3.
Source Vexp (km/s) Velocity offset (km/s) No. detections Period (days) M˙ (M/yr) Reference
CIT 6 17.5 −5 7 637 6.5× 10−6 1
IRC +10216 15.4 −3 4 647 3.3× 10−5 1
S Cep 22.5 −3.1 2 484 2.9× 10−6 1
FX Ser 28.4 −1.1 2 531 3.1× 10−5 1
IRC +50096 15.9 −0.2 1 544 5.9× 10−6 1
AFGL 2513 25.6 −3.6 1 592 2.05× 10−5 2
AFGL 2047a 17.1 −4.6 1 631 8.6× 10−6 3
IRC +30374 24.4 −0.8 1 587 1.0× 10−5 4
T Dra 16.8 −0.7 1 424 8.2× 10−6 1
IRAS 15082−4808 20.4 −2.0 2 647 1.0× 10−5 5
a Shell velocity taken as the mean of the central velocities of the CO(1-0) and HCN(1-0) lines from Nguyen-Q-Rieu et al. (1987).
References: 1. Bergeat & Chevallier (2005), 2. Guandalini et al. (2006), 3. Loup et al. (1993), 4. Scho¨ier et al. (2006), 5. Woods et al.
(2003).
other sources to date, which are listed in Table 1 along with
this new source. The 89.087 GHz maser is blue-shifted by up
to 5 km/s with respect to the host star in all nine previously
known sources (Guilloteau et al. 1987; Lucas et al. 1988;
Lucas & Cernicharo 1989).
To compare the velocity shift of the maser in
IRAS 15082−4808 to those observed in the other nine
sources, we have taken the ground state, non-masing HCN
88.631 GHz (J=1-0, F=2-1) emission line, also observed as
part of the larger program mentioned in section 2.1, as re-
flecting the systemic velocity of the envelope as was done by
Lucas et al. (1988). However, the line observed at this fre-
quency at Mopra in the configuration described previously,
is a blend of the hyperfine components of HCN: F=2-1, F=1-
1 and F=0-1. These components must therefore be fitted in
order to derive an accurate systemic velocity.
Using the methodology of Fuller & Myers (1993), we
assume that the velocity profile is well-described by a gaus-
sian distribution, and thus the total optical depth, τ , of the
J=1-0 transition may be expressed as:
τ(v) = τ
3∑
i=1
ai exp
(
− (v − v0 + vi)
2
2σ2
)
(1)
where ai is the relative intensity of transition i (aFupper:
a2=1.0, a1=0.6, a0=0.2), σ is the dispersion and vi is the
offset velocity of transition i with respect to a reference ve-
locity, v0, taken as the velocity of the central hyperfine com-
ponent. The line profile can then be determined from:
T (v) = A(1− e−τ(v)) + C (2)
where A is the amplitude and C is a constant to fit for any
baseline offset that may exist.
The above model was fitted to the data using a hybrid
method, based upon the use of the genetic algorithm Pikaia
(Charbonneau 1995) followed by the non-linear least squares
fitting routine, MPFit (Markwardt 2009). The uncertainties
Figure 2. HCN 88.631 GHz line as a blend of the F=2-1, F=1-
1 and F=0-1 hyperfine components and the best-fit to the data
is shown in blue. Velocity denotes the offset from LSR velocity
in the frequency frame of the HCN 88.631 GHz line. T* is the
corrected antenna temperature and the efficiency of Mopra at
this frequency is ∼0.5. The sensitivities of Mopra and SEST at
86 GHz are 22 Jy/K1 and 25 Jy/K2 respectively.
on the fitted parameters were calculated by the latter from
the covariance matrix. The result of the fitting is shown in
Fig. 2 and gives the velocity of the central hyperfine compo-
nent with respect to LSR velocity to be −0.76± 0.06 km/s
and the total optical depth of the transition as 1.28± 0.02.
The velocity of the major observed component of the
maser is offset with respect to the systemic velocity by
−2.0 ± 0.9 km/s (blue-shifted) and the minor component
is offset with respect to the systemic velocity by +0.7± 0.9
km/s (red-shifted).
c© 2014 RAS, MNRAS 000, 1–??
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Figure 3. Pulsational cycle shown using 3.5 micron photometry. Photometric data taken from Cutri et al. (2012), Whitelock et al.
(2006) and Cutri et al. (2003). The vertical dashed lines indicate the dates when the spectral observations were taken, and below are the
spectra at each date. The spectrum labelled ‘a’ is taken from Woods et al. (2003).
Figure 4. SWS spectra from Sloan et al. (2003) showing the
HCN and C2H2 features around 14 µm. IRC+50096 is shown in
black, T Dra (multiplied by a factor of 3) is shown in blue and
the partial spectrum of S Cep is shown in red.
3.2 Maser pumping
The velocity by which the maser line in IRAS 15082−4808
is blue-shifted is significantly less than the expansion veloc-
ity of the envelope (20.4 km/s, Groenewegen et al. 2002),
suggesting that the maser is being formed in a distinct re-
gion of gas below the wind acceleration zone. The red-shifted
Figure 5. SWS spectra from Sloan et al. (2003) showing the
region of the 7 µm feature. IRC+50096 is shown in black and T
Dra (multiplied by a factor of 2.7) is shown in blue.
component of the maser in IRAS 15082−4808 has a velocity
that is within uncertainties of the systemic velocity of the
envelope. The lack of an observed definite red-shifted compo-
nent suggests that either the maser is formed close enough
to the star that the red-shifted component is obscured by
the host star itself or that the maser amplifies photons ema-
nating directly from the photosphere. These would both be
c© 2014 RAS, MNRAS 000, 1–??
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in agreement with the interferometric observations of CIT
6 and IRC+10216 by Carlstrom et al. (1990) and Lucas &
Guilloteau (1992) which suggest that the maser is located
within 5 stellar radii.
As shown by Bujarrabal & Nguyen-Q-Rieu (1981) and
Lockett & Elitzur (1992), SiO masers are formed close to
the photosphere of the star but are amplified tangentially
to the surface rather than radially, resulting in the maser
emission being centred on the systemic velocity of the stel-
lar envelope. In contrast, the blue-shifted central velocity of
the 89.087 GHz maser with respect to the systemic veloc-
ity of the envelope suggests that the HCN maser is amplified
radially, as is the case for OH masers, albeit significantly fur-
ther from the stellar surface than is the case for this HCN
maser. This difference in amplification direction between SiO
masers and HCN masers means that the latter can be used
to study the outflow velocities, whereas SiO masers cannot.
Ziurys & Turner (1986) show that it is possible for this
maser to be pumped by the ∼14 µm and/or the 7 µm infra-
red photons emitted by the star from the v2 bands of HCN.
The features at 14.0 µm originate from the 2v22 − 1v12 and
2v02 − 1v12 transitions of HCN, the 14.3 µm feature from the
1v12−0v02 transition and the 7 µm feature from the 2v02−0v02
transition (for further details see Aoki et al. 1999). ISO SWS
spectra from Sloan et al. (2003) were available for three
of the previously known HCN maser sources from Table 1
(IRC+50096, T Dra and S Cep). All three sources exhibit
some degree of 14.0 µm and 14.3 µm emission and their spec-
tra in this region are shown in Fig. 4. Emission in this band
is suggested by Aoki et al. (1999) as being fairly common
in carbon stars, and as shown by Cernicharo et al. (1999)
it is possible for the 14.3 µm emission peak to be pumped
radiatively from the ground state to the v2 state. Fig. 5 in-
dicates that there was little-to-no 7 µm emission in either T
Dra or IRC+50096 when the ISO observations were made,
which supports the 14 µm pumping mechanism, and S Cep
has no spectrum available at this wavelength.
The collisional rate coefficients of HCN v2 = 2 are
not yet published and therefore collisional excitation mech-
anisms cannot yet be ruled out. This should be addressed
by modelling once these parameters are available.
3.3 Relation to variability
To determine the relation between variability and maser
emission in IRAS 15082−4808, the pulsational cycle was in-
vestigated using literature photometry (Cutri et al. 2012;
Price et al. 2010; Whitelock et al. 2006; Cutri et al. 2003).
3.5 µm photometry was collected and a sinusoidal curve fit-
ted using the genetic algorithm pikaia (Charbonneau 1995).
The resulting variability curve is shown in Fig. 3.
The 1993 observation was clearly taken mid-way be-
tween a maximum and minimum brightness of the star.
The 2011 observation was taken at a very similar point in
the pulse phase, although there is little photometry taken
around the time of this observation. However, if the pulsa-
tional period were the only cause of the maser variability and
the pulsational cycle of IRAS 15082−4808 has not changed
significantly, then it would be expected that these two obser-
vations would have very similar intensities. This is not the
case, with the 2011 observation clearly detecting the maser
and the 1993 observation showing a null detection.
Variability curves were also created, following the same
method as above, for each of the nine sources (Fig. 6). Dot-
ted lines indicate positive detections and dashed lines indi-
cate null detections. AFGL 2047, AFGL 2513, T Dra and
IRC+30374 were observed either in March or June 1987 but
it is not reported which and therefore both these dates are
indicated on their respective variability curves.
The variability curves show that the HCN maser has
been detected at a variety of phases in the stars’ pulsational
period, although some of the stellar curves have been ex-
trapolated further than is reliable due to lack of photometry
data. Most of the sources have only one published maser
spectrum, despite multiple detections being reported in the
literature, therefore it is impossible to determine whether
the maser intensity or profile varies with period in these
sources.
CIT 6, however, has seven detections of the maser noted
in the literature. Five of these have published spectra which
are shown together in Fig. 7. There is a small change in cen-
tral velocity and width of the line over the different observa-
tions, although these were made by a variety of telescopes at
a variety of resolutions which could contribute to this. The
intensity of the line has varied significantly over these obser-
vations: four show similar peak intensities of approximately
40 Jy and the other approximately 75 Jy.
To examine this variation with phase more closely, the
integrated intensities of the CIT 6 lines were measured and
plotted against phase, as derived from the sinusoidal fitting.
The results are shown in Fig. 8, along with all other sources
with multiple detections. The intensities were normalised to
the maximum observed intensity of the maser in each source
to allow comparisons between sources to be made. Where
null detections were made, an intensity of zero is plotted. A
phase of 0.0 or 1.0 indicates maximum intensity and a phase
of 0.5 indicates minimum intensity.
CIT 6 is shown to be most intense close to stellar maxi-
mum and at lower intensities close to stellar minimum. This
is somewhat in agreement with IRC+50096 whose maser
was detected at a phase of 0.37 and then not detected at
a phase of 0.54. IRC+10216 was observed to have similar
intensities and profiles at all epochs of observation (Lucas
et al. 1986; Guilloteau et al. 1987; Lucas et al. 1988; Lucas
& Guilloteau 1992). IRAS 15082−4808 as discussed above,
shows the intensity increasing between the phases of 0.2-0.7.
The 89.087 GHz maser in CIT 6 has been shown by
Goldsmith et al. (1988) to exhibit linear polarisation of 20%.
The observations were taken by a variety of instruments at
a variety of elevations so this polarisation will have an effect
on the observed intensity of the maser. For all other sources,
polarisation has not been measured. The cause of this polar-
isation is currently unknown and further measurements are
required in order to ascertain the cause (Goldsmith et al.
1988; Pe´rez-Sa´nchez & Vlemmings 2013). Due to this, it
is difficult to draw firm conclusions about variability with
pulsation phase. In order to examine this more closely, a
long-term measurement of maser intensity and polarisation
in collaboration with photometric monitoring would need to
be carried out over at least one pulsational period. From such
a study, the effect of stellar variability on the intensity of the
maser, the correlation between the two and, if mapped, the
position of this maser with respect to the host star could
be firmly established. This has been carried out successfully
c© 2014 RAS, MNRAS 000, 1–??
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Figure 6. Photometry data as a function of (Julian Date - 2446000) days. Photometry data taken from: Alksnis (1995); Le Bertre (1992);
Cutri et al. (2003); Whitelock et al. (2006); Shenavrin et al. (2011); Henden (2013); Fouque et al. (1992); DENIS Consortium (2005);
Kerschbaum et al. (2006); Price et al. (2010); Helou & Walker (1988); Jones et al. (1990); Epchtein et al. (1990). Maser spectroscopic
data taken from: Lucas et al. (1986); Guilloteau et al. (1987); Goldsmith et al. (1988); Lucas et al. (1988); Lis et al. (1989); Carlstrom
et al. (1990); Lucas & Guilloteau (1992). The three photometric data sets of IRC+10216 were offset from one-another in intensity; in
order to fit a single sine curve to the data, offsets were applied to two of the data sets. This was not applied to any other source. Dotted
lines indicate positive detections and dashed lines indicate null detections of the 89.087 GHz HCN maser. A further detection of the
maser in CIT 6 was made by Nguyen-Quang-Rieu et al. (1988) but the date of observation and the spectrum obtained were unavailable
in the literature thus this has not been included on the figure. c© 2014 RAS, MNRAS 000, 1–??
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Figure 6 – continued
for SiO masers in several AGB stars (e.g. Gonidakis et al.
2010), thus a comparison between the two species of maser
could also be made.
3.4 Applications to AGB winds
Richards et al. (2012) have examined water masers in
oxygen-rich AGB envelopes. As part of their investigation,
they studied the expansion velocities of the maser shells with
respect to distance from the host star: Fig. 44 of Richards
et al. (2012).
The expansion velocities obtained for the inner water
maser shells at less than 20 AU from the star are consistent
with the central velocity of the HCN masers with respect to
the systemic velocities of their envelopes. A distance from
the star of less than 20 AU is also consistent with current
thoughts about the formation distance of the HCN masers:
Carlstrom et al. (1990) report an upper limit of 180 AU on
the size of the masing region in CIT 6 and interferometric
observations by Lucas & Guilloteau (1992) suggest that the
maser in IRC+10216 is located within 5 stellar radii. These
imply that the HCN masers are tracing the expansion ve-
locity of the region of the envelope in which they reside.
The region in which HCN v2 = 2 masers are thought to
be formed in is very distinct. Thus the expansion velocity of
a specific region inside the acceleration zone is represented
c© 2014 RAS, MNRAS 000, 1–??
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Figure 7. CIT 6 spectra overlaid. a, b, d, e and f correspond
to the dates indicated on the upper plot of Fig. 6. Each spec-
trum is labelled on the right hand side of the figure with the
stellar phase at the time of observation. A phase of 0.0 or 1.0
corresponds to stellar maxiumum and a phase of 0.5 corresponds
to stellar minimum. Spectral data taken from Guilloteau et al.
(1987); Goldsmith et al. (1988); Lucas et al. (1988); Lis et al.
(1989); Carlstrom et al. (1990). There is only a partial spectrum
published for the observations made at date ‘c’ and is therefore
not included in this figure.
Figure 8. Plot showing integrated intensity as a fraction of the
strongest maser in each source against stellar pulse phase as calcu-
lated from the variability curves shown in Fig. 3 and Fig. 6. Filled
circles: CIT 6, crosses: IRAS 15082−4808, triangles: IRC+10216,
squares: IRC+50096.
by the velocity of the maser. Cernicharo et al. (2011) report
detections of more than 60 vibrational transitions of HCN
in IRC+10216, including the masing 89.087 GHz transition.
That work showed a correlation between the excitation en-
ergy of the upper level and the observed line widths exists
and suggests that this is due to different transitions ema-
nating from different regions of the circumstellar envelope.
This places the HCN v2 = 2 maser in IRC+10216 within
the 2-5 R* region of the envelope, which is consistent with
the works of Carlstrom et al. (1990) and Lucas & Guilloteau
(1992).
Fig. 9 shows the expansion velocities, taken as half of
the measured linewidth, of the transitions reported in Cer-
Figure 9. Expansion velocity against the energy of the upper
state (K) of a number of vibrational transitions of HCN. Expan-
sion velocity is defined as 0.5∆V for the data taken from Cer-
nicharo et al. (2011) (black points) and as the offset velocity with
respect to the systemic velocity of the envelope for the ten HCN
masers (red points). The zones are as calculated by Cernicharo
et al. (2011): zone 1 represents a region ∼ 1.5R*, zone 2 ∼ 5R*
and zone 3 ∼ 29R*.
nicharo et al. (2011) against the energy of each upper state.
Overplotted in red are the offset velocities of all ten de-
tected HCN masers and these are found to be less than the
velocities suggested by the velocity-Eupper correlation. This
suggests that the pumping mechanism for this maser may
contain one of the high energy states found in zone 1.
3.5 Insights into AGB atmospheres
Masers can provide insight into the winds of AGB stars
through comparison of observed parameters with model ex-
tended atmospheres. The 89.087 GHz maser provides two
significant constraints. First, there is very little velocity vari-
ability with pulsation phase, and no evidence for infall. This
places the maser in a region of stable outflow. Second, the
maser velocity is very low compared to the expansion veloc-
ity shown by CO. This locates the maser in a region where
little acceleration has occured.
The dynamic model atmospheres published in Ho¨fner
et al. (2003), simulate time-dependent pulsations of the star
for both mass-losing and non-mass-losing stars. Two models
are discussed in detail in their Fig. 2 - 5, consisting of a star
with parameters: 7000 L, 1.0 M, 355 R, a stellar tem-
perature of 2800 K and a C/O of 1.4. One of these models
is a mass-losing AGB star with mass loss rate 2.4 × 10−6
M/yr, the other is non-mass-losing, and the pulsation pe-
riod in both models, at 390 days, is significantly lower than
that of any of the known maser sources. The parameters
used for the two models differ only by the magnitude of the
piston velocity amplitude and have values of 2 km/s and
4 km/s. A 2 km/s piston velocity amplitude is insufficient
to cause mass-loss while 4 km/s allows dust production and
subsequently mass-loss to occur. When these two models are
compared with the parameters determined from the HCN
89.087 GHz masers, a number of insights can be made.
From the aforementioned mass-losing model of Ho¨fner
et al. (2003), it is clear that there are regions of the envelope
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Figure 10. Position of selected shells as a function of time for the
mass-losing model 170t28c14u4, reproduced from Fig. 2 of Ho¨fner
et al. (2003), A&A, 399, 589 by kind permission of S. Ho¨fner and
ESO c©.
undergoing regular expansion and contraction, clearly shown
in Fig. 10 (reproduced from Ho¨fner et al. (2003) with kind
permission from S Ho¨fner and ESO c©). Given the lack of
correlation of maser intensity variability with pulse phase, it
is unlikely that the maser would originate from one of these
regions. The lack of an observed in-fall velocity suggests that
the maser exists at the point that mass-loss begins. In model
170t28c14u4 of Ho¨fner et al. (2003), these requirements are
satisfied at roughly 2 stellar radii from the host star, as can
be seen in Fig. 10, coinciding with shocked regions of the
envelope and in keeping with the expected distance of less
than five stellar radii from Carlstrom et al. (1990) and Lucas
& Guilloteau (1992).
The lack of an observed substantial increase (more than
a few km/s) in central velocity of the HCN maser lines in-
dicates that this maser should not exist for long within a
particular region of gas as it moves outwards. The impli-
cation is that the maser may cease operating as the region
outwardly expands from the central star.
The upper level of the HCN 89.087 GHz maser lies at
2050 K above the ground state. The gas temperature in
model 170t28c14u4 drops below this at roughly 1.5 stellar
radii. The region of the model AGB atmosphere between 1
and 2 stellar radii has a highly variable flow velocity, chang-
ing with pulse phase (−13 km/s to +10 km/s). If the maser
is radiatively pumped by photospheric photons, the maser
will exist further from the host star than that dictated by the
gas temperature. In the aforesaid model, at 2.5 to 3.5 stellar
radii, the velocity is more stable with pulse phase and, with
flow velocities of 0 km/s to +8 km/s, more closely reflects
the offset velocities of HCN masers. The gas temperature in
this region is approximately 1000 K.
The non-mass-losing model, 170t28c14u2, has flow ve-
locities of between +1 and +4 km/s in the region of 1.1-1.2
stellar radii for two of four pulse phases and between −11
and −13 km/s for the remaining phases. In this region, the
gas temperature is roughly 2000 K. At 1.2-1.4 stellar radii,
the temperature drops to approximately 1000 K and the flow
velocities range from -10 km/s to 10 km/s. The 89.087 HCN
GHz masers are only observed in mass-losing carbon rich
AGB stars, thus this model is not a suitable representation
for these stars.
Neither of these models perfectly reproduce the con-
ditions required for this maser to exist, but these mod-
els are not tailored to the individual sources and several
model parameters vary significantly from those of the known
host stars (e.g. pulse period). However, it is promising that
the formation regions suggested from the mass-losing model
agree with the regions predicted in Carlstrom et al. (1990)
and Lucas & Guilloteau (1992).
4 CONCLUSIONS
We have identified a new 89.087 GHz HCN maser in the
AGB star IRAS 15082−4808. This maser was first detected
in this source in June 2010 using the Mopra telescope in
Australia, and was detected once again in June 2011 at Mo-
pra. It was, however, undetected in a molecular line survey
by Woods et al. (2003) based upon observations taken at
SEST in 1993.
The observation in 2010 has two components to the
maser, and that of 2011 has only a single component at
the same velocity shift as the major component in 2010. It
is highly unlikely that the two component profile is due to
a second hyperfine component being observed and is more
likely that it is due to motions of the masing molecule within
the stellar envelope.
The major component of the maser in
IRAS 15082−4808 as observed in 2011 is offset by −2.0±0.9
km/s (blue-shifted) with respect to the systemic velocity as
derived from the HCN 88.631 GHz emission line and the
minor component by +0.7 ± 0.9 km/s (red-shifted). The
offset velocity of the major component is in-keeping with
the −0.3 to −5 km/s offset of all previous detections of this
maser in other sources (Guilloteau et al. 1987; Lucas et al.
1988; Lucas & Cernicharo 1989).
The variability of the maser in all ten sources in which
it has been detected to date has been investigated, although
firm conclusions could not be drawn due to lack of obser-
vations and polarisation effects. Long term monitoring of
intensity and maser polarisation in conjunction with reg-
ular photometric measurements would allow the variation
of maser intensity with stellar pulsation to be properly as-
sessed.
Finally, comparisons of the derived maser parameters
from all known host stars have been made to published mod-
els of AGB atmospheres. The comparison suggests that the
masers are formed between 2 and 4 stellar radii from the host
star and at the point that mass-loss begins. This region also
contains shocked gas. Despite the gas temperature within
this region being lower than that of the upper maser level,
radiative pumping from photospheric photons would allow
the existence of this maser within this region. The outflow
velocities of the gas within this region are matched well by
the offset velocities of the known masers. This region also
agrees with the measurements and predictions of Carlstrom
et al. (1990) and Lucas & Guilloteau (1992), which place
the maser within 5 stellar radii. High spatial resolution in-
terferometry would be required to be able to identify for
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certain the exact region of the envelope in which this maser
is formed.
5 ACKNOWLEDGEMENTS
We would like to thank J. Williams for taking the obser-
vations upon which this work is based and S. Ho¨fner and
ESO c© for kindly allowing the reproduction of Fig. 10.
We acknowledge with thanks the variable star observations
from the AAVSO International Database contributed by ob-
servers worldwide and used in this research. The Mopra ra-
dio telescope is part of the Australia Telescope National Fa-
cility which is funded by the Commonwealth of Australia
for operation as a National Facility managed by CSIRO.
The University of New South Wales Digital Filter Bank used
for the observations with the Mopra Telescope was provided
with support from the Australian Research Council. This re-
search was supported by the Science and Technologies Fund-
ing Council.
REFERENCES
Alcolea J., Pardo J. R., Bujarrabal V., et. al 1999, A&AS,
139, 461
Alksnis A., 1995, Baltic Astronomy, 4, 79
Aoki W., Tsuji T., Ohnaka K., 1999, A&A, 350, 945
Assaf K. A., Diamond P. J., Richards A. M. S., Gray M. D.,
2013, MNRAS, 431, 1077
Bergeat J., Chevallier L., 2005, A&A, 429, 235
Booth R. S., Delgado G., Hagstrom M., Johansson L. E. B.,
Murphy D. C., Olberg M., Whyborn N. D., Greve A.,
Hansson B., Lindstrom C. O., Rydberg A., 1989, A&A,
216, 315
Bujarrabal V., Nguyen-Q-Rieu 1981, A&A, 102, 65
Carlstrom J. E., Welch W. J., Goldsmith P. F., Lis D. C.,
1990, AJ, 100, 213
Caswell J. L., Vaile R. A., Forster J. R., 1995, MNRAS,
277, 210
Cernicharo J., Agu´ndez M., Kahane C., Gue´lin M.,
Goicoechea J. R., Marcelino N., De Beck E., Decin L.,
2011, A&A, 529, L3
Cernicharo J., Yamamura I., Gonza´lez-Alfonso E., de Jong
T., Heras A., Escribano R., Ortigoso J., 1999, ApJL, 526,
L41
Charbonneau P., 1995, ApJS, 101, 309
Cotton W. D., Perrin G., Lopez B., 2008, A&A, 477, 853
Cutri R. M., Skrutskie M. F., van Dyk S., et al. 2003,
2MASS All Sky Catalog of point sources.
Cutri R. M., Wright E. L., Conrow T., et al. 2012, VizieR
Online Data Catalog, 2311, 0
DENIS Consortium 2005, VizieR Online Data Catalog,
2263, 0
Epchtein N., Le Bertre T., Lepine J. R. D., 1990, A&A,
227, 82
Fish V. L., 2007, in Chapman J. M., Baan W. A., eds, IAU
Symposium Vol. 242 of IAU Symposium, Masers and star
formation. pp 71–80
Fouque P., Le Bertre T., Epchtein N., Guglielmo F., Ker-
schbaum F., 1992, A&AS, 93, 151
Fuller G. A., Myers P. C., 1993, ApJ, 418, 273
Goldsmith P. F., Lis D. C., Omont A., Guilloteau S., Lucas
R., 1988, ApJ, 333, 873
Gonidakis I., Diamond P. J., Kemball A. J., 2010, MNRAS,
406, 395
Groenewegen M. A. T., Sevenster M., Spoon H. W. W.,
Pe´rez I., 2002, A&A, 390, 511
Guandalini R., Busso M., Ciprini S., Silvestro G., Persi P.,
2006, A&A, 445, 1069
Guilloteau S., Omont A., Lucas R., 1987, A&A, 176, L24
Helou G., Walker D. W., eds, 1988, Infrared astronomical
satellite (IRAS) catalogs and atlases. Volume 7: The small
scale structure catalog Vol. 7
Henden A. A., 2013, Observations from the AAVSO Inter-
national Database, private communication
Ho¨fner S., Gautschy-Loidl R., Aringer B., Jørgensen U. G.,
2003, A&A, 399, 589
Jones T. J., Bryja C. O., Gehrz R. D., Harrison T. E.,
Johnson J. J., Klebe D. I., Lawrence G. F., 1990, ApJS,
74, 785
Kerschbaum F., Groenewegen M. A. T., Lazaro C., 2006,
A&A, 460, 539
Le Bertre T., 1992, A&AS, 94, 377
Lis D. C., Goldsmith P. F., Predmore C. R., 1989, ApJ,
341, 823
Lo K. Y., 2005, ARA&A, 43, 625
Lockett P., Elitzur M., 1992, ApJ, 399, 704
Loup C., Forveille T., Omont A., Paul J. F., 1993, A&AS,
99, 291
Lovas F. J., 1992, Journal of Physical and Chemical Refer-
ence Data, 21, 181
Lucas R., Cernicharo J., 1989, A&A, 218, L20
Lucas R., Guilloteau S., 1992, A&A, 259, L23
Lucas R., Omont A., Guilloteau S., 1988, A&A, 194, 230
Lucas R., Omont A., Guilloteau S., Nguyen-Q-Rieu 1986,
A&A, 154, L12
Markwardt C. B., 2009, in Bohlender D. A., Durand D.,
Dowler P., eds, Astronomical Data Analysis Software and
Systems XVIII Vol. 411 of Astronomical Society of the
Pacific Conference Series, Non-linear Least-squares Fit-
ting in IDL with MPFIT. p. 251
Markwick-Kemper A. J., Remijan A. J., Fomalont E.,
2006, in American Astronomical Society Meeting Ab-
stracts #208 Vol. 38 of Bulletin of the American As-
tronomical Society, The Splatalogue (Spectral Line Cata-
logue) and Calibase (Calibration Source Database). p. 130
Nguyen-Q-Rieu Epchtein N., Truong-Bach Cohen M., 1987,
A&A, 180, 117
Nguyen-Quang-Rieu Deguchi S., Izumiura H., Kaifu N.,
Ohishi M., Suzuki H., Ukita N., 1988, ApJ, 330, 374
Nyman L.-A˚., Olofsson H., 1995, Ap&SS, 224, 527
Pe´rez-Sa´nchez A. F., Vlemmings W. H. T., 2013, A&A,
551, A15
Price S. D., Smith B. J., Kuchar T. A., Mizuno D. R.,
Kraemer K. E., 2010, ApJS, 190, 203
Richards A. M. S., Etoka S., Gray M. D., Lekht E. E.,
Mendoza-Torres J. E., Murakawa K., Rudnitskij G., Yates
J. A., 2012, A&A, 546, A16
Schilke P., Menten K. M., 2003, ApJ, 583, 446
Scho¨ier F. L., Olofsson H., Lundgren A. A., 2006, A&A,
454, 247
Shenavrin V. I., Taranova O. G., Nadzhip A. E., 2011, As-
tronomy Reports, 55, 31
c© 2014 RAS, MNRAS 000, 1–??
A new HCN maser in IRAS 15082−4808 11
Shinnaga H., Young K. H., Tilanus R. P. J., Chamberlin
R., Gurwell M. A., Wilner D., Hughes A. M., Yoshida H.,
Peng R., Force B., Friberg P., Bottinelli S., van Dishoeck
E. F., Phillips T. G., 2009, in Lis D. C., Vaillancourt
J. E., Goldsmith P. F., Bell T. A., Scoville N. Z., Zmuidz-
inas J., eds, Submillimeter Astrophysics and Technology:
a Symposium Honoring Thomas G. Phillips Vol. 417 of
Astronomical Society of the Pacific Conference Series,
IRC+10216’s Innermost Envelope — The eSMA’S View.
p. 301
Sloan G. C., Kraemer K. E., Price S. D., Shipman R. F.,
2003, ApJS, 147, 379
Whitelock P. A., Feast M. W., Marang F., Groenewegen
M. A. T., 2006, VizieR Online Data Catalog, 736, 90751
Woods P. M., Scho¨ier F. L., Nyman L.-A˚., Olofsson H.,
2003, A&A, 402, 617
Ziurys L. M., Turner B. E., 1986, ApJL, 300, L19
c© 2014 RAS, MNRAS 000, 1–??
